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Abstract - The particle collection performance of the square and cylindrical type of cyclone separator is reviewed for the
study. The fabricated setup is designed and processed by Solid works and TIG welding respectively. The geometrical
variations observed in the structure of setup sequentially arranged in parallel condition of Square-Cylinder-
Square-Cylinder arrangement. The significant rise in pressure drop is observed with the study for collection efficiency.
The performance carried out in larger scale for the conclusive segments with the aid of variable frequency diaphragm. The
speed controlling device which optimise the speed condition for the setup through blower. The centrifugal action inside
the separator will impinges the fine particles away from the surface and follows the vortex patter on the middle. The coarse
particles will largely collect to the bottom of the vortex and collected on the bin. The variant's mixed configuration has a
higher pressure drop and better collecting effectiveness. Only for tiny particles does the percentage of short-circuiting
particles rise with an increase in intake velocity. There are noticeable discrepancies in the collection efficiency curves as a
result of the fact that when particle size increases, the fraction of short-circuiting particles declines more quickly at higher
intake velocities. The findings from the review research will allows to recommend the suitable arrangement setup for better
collection efficiency and also provides the convene model to study of particulates.
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I. INTRODUCTION

For more than a century, dust separation has used the cyclone concept. Finding novel methods to lower the pressure drop
and improve collection efficiency has received the most focus. But there is still a lot to be done. Fundamental research is
crucial for comprehending the fundamental functions of cyclones. It is difficult to conduct numerical, theoretical, and
experimental research because of the intricacy of extremely powerfully whirling turbulent gas-solid fluxes in cyclone.
Based upon the foundations of multiphase fluid dynamics, So conducted a theoretical study on the field of gas flow,
dispersal of waste particles and dust collecting in the cyclone. In a recent study, performed numerical modelling and LDV
measurements of flow of gas-solid and presented an original cyclone separator with a specific centre body to significantly
lower the pressure drop [8]. Cyclones are frequently employed in industrial applications, gas-solid separation for aerosol
monitoring, and air pollution management. Cyclone separators have developed into one of the most significant particle
removal devices that are primarily used in scientific and engineering fields thanks to their advantages of being relatively
simple to construct, inexpensive to operate, and well suited to extremely harsh conditions and high pressure and temperature
environments. In situations where huge particles need to be captured, cyclones are typically utilised as final collectors.
Generally speaking, efficiency is good for dusts with particles larger than 5 mm [5].

Design and Analysis of Cyclone Separator

Cyclone separators offer a minimal cost and maintenance method by eliminating particles from the air or gas flow. Cyclones
are essentially centrifugal separators, consisting of a reduced conical element known as the strobilus and an upper portion
of the cylinder known as the cask. They only use a vortex produced within the cyclone body to modify the energy of a gas
particle inertia fluxes into a force. When the particle-filled air stream descends into the cone from the highest point of the
barrel, it penetrates tangentially. it produces an outer vortex [6].The particles are pulled away from the air stream by the
increasing air velocity of the outer vortex. When the air flow comes to the base of the cone, it starts to slide radically
upwards & outwards while the particles fall into the trash collecting chamber attached to the base of the cyclone separator
as clean air or gas. However, a part of dust travels through the exit pipe and rolls up as a result of the secondary airflow in
the boundary. Therefore, an airlock is utilised to stop that flow. The tangential velocity of the particles affects the
centrifugal action, which separates the dust particles [10].
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Properties of the Material Both stainless steel and mild steel are taken into consideration. The weight of the gadget
affects your selection over which of the two steels to choose. When using mild steel, the thickness of the sheet metal will
be higher than when using stainless steel. Due to its weight and brittleness, cast iron cannot be used since it cannot withstand
the impact of high velocity; instead, the material must be robust enough to withstand the high velocity and pressure [2].

Properties Of Materials Used in Cyclone Separator:
*  High strength
»  Ease of construction
*  Resistance to both high and low temperature
*  Aecsthetic appeal
*  Cleanliness and ease of maintenance
* Recycling

Pressure Drop

Pressure drop is taken into consideration as a significant factor to design cyclone geometry and assess cyclone performance
in addition to separation efficiency. Therefore, to understand the intricate interaction a precise mathematical model
connecting pressure decrease and cyclone characteristics is needed. By changing the cyclone's diameter, the decrease in
pressure in a cyclone separator may also be raised or lowered. The use of an accurate pressure drop equation is crucial for
the proper construction of a cyclone. Statistical models were employed as an alternate method to calculate cyclone pressure
decline in the 1980s. The cyclone separator's size and operational factors affect the cyclone pressure decrease. The pressure
across a cyclone reduced as a result of change of area, wall friction, a shift in the flow's direction, and disintegration in the
vortex finder (outlet tube). The phrase "pressure drop™ often refers to a reduction in both static and dynamic pressure.
Alternatively put, the pressure drops experienced by the flow between the input and output [10].

Hv =K HW De 2 AP = 1 2 pgVi 2Hv 1)

Where,

Hv = pressure drop

K = Constant (K=12 to 18 for a standard tangential- entry cyclone)

H = Height in millimetre.

W = Width in millimetre.

De = Diameter in metre.

pg = Density in kg/m3.

Vi = Inlet velocity in m/s.
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Fig 1. Effect of 2-Stage Cyclone Separator's Performance on Inlet Air VVolumetric Flow Rate.

Sorting Effectiveness

Fig 1 depicts the connection between a two-stage cyclone separator's sorting effectiveness and volumetric flow of air. It is
clear that the generated and real value of first-cyclone separation have grown as the air volumetric flow rate has increased.
Primary cause is because the first-cyclone lacks a cone part and is mostly separated by a cylinder segment. The input air
speed falls short of the first-cyclone critical air speed even when the maximal volumetric flow of air rate is present. The
maximum efficiency intake speed is the name given to this air velocity. Because of the tiny cyclone volume and high air
speed, the two-stage cyclone's primary function is to reduce pressure. Likewise, the primary component of the 2-stage
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cyclone is separation efficiency of second cyclone. Although the pressure drop experimental worth is greater than simulate
dreading, the separation efficiency experimental value is lower than the simulation value [17]. The primary cause could be
the fact that the materials sediment at the bottom plate throughout the experiment are in the first and second cyclones,
causing a significant variability in second cyclone sorting effectiveness. Due to this, the experimental value of the
separation efficiency of the first and second cyclones is low. However, as the flow of air-volumetric rate is increased Fig
2, the fluctuation of the sorting effectiveness simulation and experimental values is essentially the identical, and the
comparative error is less than 10%, showing that the outcomes of simulation can accurately anticipate the experimental
findings [18].
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Fig 2. Sorting Effectiveness.

Forces Governing The Motion Of Particles

Interaction forces between a particle-liquid, component-component, and component barrier are said to control the motion
of particles in a vortex, according to the modelling framework used in the recent survey. To comprehend the nature of flow
in a cyclone, three forces are investigated in this section [11]. Fig 2 shows Sorting Effectiveness.

Particle-Fluid Interaction Force

This study represents, the pressure gradient force (PGF) and gas resistance are two particle-fluid forces that are considered.
When the ratio of a solid load is 2.5, the geographic patterns of the air resistance & PGF acting in the separate particles are
depicted in Figs 3 and 4, respectively. The geographic pattern of the2 forces is not constant, as can be seen in both pictures.
The air resistance and PGFs are larger in the cyclone's inlet zone, and there are two distinct regions in the stands in contrast
to individuals farthest from the cyclone barrier, those closest to it experience lesser air resistance and PGFs. The air
resistance on particles is limited as the cyclone wall and gas phase do not slide, this might result in low gas velocity and,
as a result, reduced air resistance [21]. Since the pressure does not greatly fall close-by the cyclone barrier but does so
dramatically in the centre areas In close proximity to the cyclone wall, the PGF is rather low the PGF is comparable to the
pressure gradient. The sole force taken into account in this study that is connected to the gas velocity is the drag force on
fluids. Therefore, it is anticipated that the fluid drag force distribution would adopt the vogue of gas flow speed. In fact,
Fig. 3 depiction of the drag force on fluids dominating tangential direction confirms this [21, 22].
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Fig. 3. Spatial Dispersion of The Gas Drags Forces Acting on The Cyclone's Particles.
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Fig 4. The Geographic Pressure Gradient Forces' Distribution And Their Effects On The Cyclone's Particle.

It has been hypothesised that the increase in friction brought on by the motion of pieces ticking to the external cylinder
barrier is what is responsible for the reduction in tangential velocity as shown in Fig 4. They again examined the tangential
velocity after coating the cylinder wall with a layer of particles to make it rough [22]. They discovered that the drop in
tangential velocity beneath the regular external cylinder barrier condition was less severe than it was underneath the gas-
particle flow scenario. Even if influence existence of particles on the gas and barrier conflict isn’t taken into consideration,
our study captures the reduction in the gas and wall friction is not taken into consideration. The main factor causing the
reduction in the force of pieces on the gas phase below the existing circumstances is represented by the after adding solids,
the gas phase's tangential velocity increases [23].

Simulation Conditions

It is a typical Lapple cyclone being considered. The cyclone dimensions' geometry, notations, and values are presented.
The computational domain, which has 47,750 CFD cells, is depicted. Unstructured hexagonal grids are used to split the
whole computational area. Grids are dense in the area near walls and vortex finders while refined in the area far from walls.
In our first computation, three grid domains of 25,900, 47,750, and 95,350 cells each were investigated. All the variables
under consideration show a difference of less than 5%, proving that the qualities of the mesh size have no impact on the
computed results [26].

There is a total of 6 simulation runs. Be aware that the computing cost rises exponentially as particle size decreases in
the DEM simulation. Therefore, despite the fact that tiny particles are typically found in gas cyclones, coarse particles are
chosen in this study to decrease computing effort and to create a mechanistic understanding. Additionally, it is believed
that the particles are spherical [26]. In theory, non-spherical particles may be simulated using CFD-DEM, as was previously
done for ellipsoidal particles. However, these models need a lot of processing power, especially for complicated flow
systems like cyclones. In contrast, it is found that the flow behaviour of less asymmetrically shaped particles may be
mimicked by varying the coefficients of friction for sliding and rolling. Regarding the ongoing research on dense medium
cyclones, the usefulness of this approach will be thoroughly explored, to achieve the simulation's macroscopic steady flow
condition; the gas flow is solved initially using Fluent. The rate at which particles are introduced into the cyclone each
second is then estimated using the solid mass flow rate that has been previously established [27].

The numerical model has also been validated by physical investigations. The experimental strategy is the same as what
we used in our earlier research. In this experiment, the flow rate of the air was measured as it was blasted into the cyclone's
entrance. A 20 m/s input gas velocity was used. The gas pressure was approximately 1 atm at the head of the vortex finder,
and the exit tube was exposed to the atmosphere. Schematic representation of the cyclone are also taken into consideration,
along includes the definitions of the geometry's parts and 3D views, CFD grids, front and top views of the sections. The
voltage signals received by when the five-hole probe was placed in a flow field, the five pressure transducers were routed
to an amplifier. With a data gathering system that consists of an individual computer and a microprocessor, the amplified
voltage signals were obtained. Glass beads with a 2 mm diameter were utilised for both the simulation and the experiment
[28].

Type of Cyclone Separators

Fig 5 depicts three various types of cyclones. These cyclones have an obviously distinguishable shape and use extensively
in feed mills, cement plants, power plants, and numerous other industrial sectors. The cyclones with axial entry are seen,
the gas plunges the frame of the cyclone evenly spaced from its axis. In this instance, the dust-laden air enters ascends and
is directed by the vanes attached to the main tube [30]. In multi cyclone, axial entrance units are frequently employed
because these units offer more efficiency. After wet scrubbers, a separator is frequently employed to collect particulate
debris in water droplets; entrained. In this style, the bottom is where the air enters tangentially, creating vertex. Huge drops
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of water are pushed up evacuated from the airstream and pushed up against the walls [32]. Cyclone collectors can be made
for a variety of purposes and are normally divided into the following categories as high throughput, standard or high
capacity. Of the three cyclone kinds, high efficiency cyclones are likely to have the biggest pressure dips, but high
throughput cyclones are made to handle enormous amounts of gas with low pressure loss. The essential structure of all
three of these cyclone types is the same. By altering the typical cyclone dimensions, there are many levels of collecting
effectiveness and functioning [35].
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Fig 5. Types of Cyclone Separator.

Overall Separation Efficiency

In industrial processes, efficiency is typically the most crucial factor. Let's think about the solid particle mass balance in a
cyclone throughout their book on cyclones, they discuss the feed mass flow rates, collected piece mass flow rates, and
escaped particle mass flow rates, respectively.

Mf = Mc + Me 2)
The mass percent of feed that is successfully collected can be used to calculate the overall separation efficiency [37].
n=Mc+Mf=1—-Me+Mf = Mc+ (Mc + Me) 3

Factors Affecting the Cyclone Collection Efficiency

The efficiency of the cyclone is shown to be impacted by numerous elements. The primary component changing the
pressure drop and, consequently, the overall cyclone efficiency is inlet velocity. As centrifugal force increases, efficiency
rises as well, but this has the unfavourable side effect of increasing pressure drop. Additionally, reducing the cyclone
diameter boosts efficiency by raising centrifugal force [42]. Gas viscosity is another factor that influences cyclone
efficiency. Overall efficiency improves with a drop in viscosity. This results from a decrease in viscosity and a consequent
decrease in pulling force. The gas density is inversely proportional to temperature. As viscosity drops, we could come to a
conclusion that this will lead to an increase in efficiency. But when temperature is rising, the volumetric flow rate would
significantly fall, reducing efficiency. Particle loading is a significant component that also affects efficiency. When there
is a lot of loading, the particles collide more frequently, which causes the particles to be pushed against the wall. This
therefore improves effectiveness [45-49].

Il. CONCLUSION
When evaluating cyclone effectiveness, the influence of flow parameters in a cyclone is a significant problem. Large
cyclones have turbulent flows, and assuming low friction factors yields good results. Minor cyclones, on the other hand,
do the reverse. Laminar or even turbulent flow transitions are possible in small cyclones. The link between cyclone diameter
and viscosity, as well as the operational parameters of velocity, temperature, and pressure, may change from hurricane to
hurricane. Operating conditions have an influence on the efficiency of cyclones more strongly in laminar flow than in
turbulent flow.
As a result,
i) Forecasting efficiency and pressure decrease is extremely difficult, especially for minor cyclones. Most models use
equations that are either entirely or mostly based on empirical data. The models determine the cut-off size that
corresponds to 50% efficacy by calculating efficacy. The geometry of cyclones, the entrained particle size distribution
of particles, and cyclone operation parameters all affect how well they work.
ii) The effectiveness of cyclones has been predicted using a number of models. The operating parameters should be
included in the modelling since it is generally accepted among scientists that they do, in fact, have an impact on cyclone
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performance. Numerous hypotheses explain particle diameter, density, gas velocity, and viscosity. Regarding the

influence

of geometry, for different scientists, there are differences in approaches.

iii) The cut size "d50," which stands for the particle diameter, is taken into account by the majority of theories, as was
previously mentioned. The two most widely used techniques for measuring effectiveness are The Force Balance Theory
states that when drag is at its lowest, terminal velocity is reached. The Static Particle Approach [Barth] takes into
account simple force balancing, in which forces operating on a particle are equivalent to several other forces, and claims
that centrifugal and forward forces are equal. Even highly complicated concepts have been proposed, they essentially
rest on one of the two theories.
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